hysico-chemical characteristics and eight heavy metals (Fe, Mn, Cu, Co, Cr, Ni, Pb and Cd) of Wadi El Rayan Lakes water were evaluated from summer 2009 to spring 2010. Salinity (TDS) and major ions show highly significant difference between the two lakes. On the other side, station 1 in 1 st lake (infront El Wadi Drain) exhibits the highest content of nutrient salts and heavy metals.
INTRODUCTION
A suitable environment is necessary for any organism, since life depends upon the continuance of a proper exchange of essential substances and energies between the organism and its surroundings (Welch, 1952) . Based on the discoveries of our satellites, it appears that water is a unique substance in our discovered universe. The presence of water on earth is in itself unique, for the planet earth has few natural liquids (Lawson, 2011) . Water is an elixir of life, the 2/3 rd mass of our body is water and 70% surface of the earth is covered by water (Khare and Jadhav, 2008) . It governs the evolution and function of universe on the earth hence water is mother of all living world (Chaurasia and Pandey, 2007) . Water is fast becoming a scare commodity in most part of the world (Usharani et al., 2010) .
In recent years, more and more attention has been paid to surface water quality. It is difficult to understand the biological phenomenon fully, without the knowledge of water quality, because the chemistry of water reveals much about P the metabolism of the ecosystem and explains the general hydro biological interrelationship (Sithik et al., 2009) .
In the seventies two lakes were created in the lower portion of Wadi El Rayan sub-depression to channel out excess agricultural drainage water in order to slow-down the increase of the water-table in the Fayoum main depression and in the Qarun lake. The creation of a large body of water in this hyper-arid area had a striking ecological impact: new species of plants, mammals, birds and invertebrates moved to Wadi El Rayan area (IUCN, 2000a) . These two successive lakes, separated by a waterfall, were created as a reservoir for drainage wastewater (El-Shabrawy and Dumont, 2009) . The flow of the drainage water to the northern 1 st lake began in April 1973. In 1983 the water flowed through an open canal about 5km long and a vertical drop of 2.5 m over the falls located in the southern 2 nd lake. Wadi EI-Rayan lakes receive the agricultural wastewater drainage from El-Wadi Drain and vary in their physical and chemical characters (Ali et al., 2007) , which controlling its area and volume (Mohamed and Gad, 2008) . Now, the main threat to the effective long-term protection of the Wadi El-Rayan protected area is seen to be the development of un-controlled economic activities within its boundaries. These activities include large-scale land reclamation schemes, major oil extraction operations, rapidly expanding aquaculture, commercial fishing and tourism, as well as human settlement in highly sensitive areas such as previously un-disturbed habitats used by gazelles and other key species (IUCN, 1998a & b) . furthermore, The extremely high rate of evaporation coupled with very low precipitation, both characteristic of arid areas, and the fact that the lakes are being formed from agricultural drainage wastewater could lead to increased concentration of pollutants and a rapid increase in salinity of the lakes (Saleh et al., 1988) , where pollutants from agricultural waste including pesticides and fertilizers as well as other effluents of industrial activities and runoffs certainly will pass into the biotic elements of the ecosystem (Sayed and Abdel-Satar, 2009 ).
Wadi EI-Rayan lakes are very important economically in fishing, husbandry, ecological tourism and educational and scientific researches. Therefore, the accurate determinations of physical and chemical parameters and heavy metals in aquatic environment are of ultimate important for controlling their pollution. This study aims to provid additional information to existing data on water quality assessments of this important water body besides to the levels of some heavy metals.
MATERIALS AND METHODS

Site Description
Wadi El-Rayan Depression has an area of 203 km 2 with two successive lakes connected through a channel (Fouda and Saleh, 1987) . The total area of the two lakes is about 113.85 km 2 represented as: The 1 st lake: Total area is 55.9km 2 , with a total perimeter 47.28km, the maximum width: 10.37km and the maximum length 6.610km, the maximum depths of the first lake is 23m, this lake takes a circular shape (EL Bayomi, 2006) , and receives frequent effluent of wastewater from El-Wadi Drain (about 200million cubic meters of agricultural drainage water are transported annually) (El-Shabrawy, 2007) . The 2 nd lake: Total Area is 57.95km 2 , total perimeter 63.81 km the maximum width: 4.498km, the maximum length15.72km, the maximum depths of the second lake is 33m, this lake takes a conical shape (EL Bayomi, 2006) . It is changing all the time, where newly flooded areas are continuously added at the southwestern side of the lake. The inflow water to the second lake varied from 3.66 × 10 6 m 3 in July to 17.68 × 10 6 m 3 in March with a total annual of 127.2 × 10 6 m 3 /year (Abd-Ellah, 1999). The connecting channel: about 5Km long and vertical drop of 2.5m is characterized by permanent shallow water providing suitable habitat for a continuous cover by emergent aquatic macrophytes thus leading to a swamp formation (EL Bayomi, 2006) .
Sampling collection
The sub-surface water samples were collected seasonally from Wadi ElRayan Lakes at six sites in the period from summer (2009) to spring (2010). Six sites (1, 2 & 3) and (4, 5 & 6) were chosen to represent the 1 st and 2 nd lake, respectively (Fig. 1) . The water samples were collected by a polyvinyl chloride Van Dorn water sampler and kept in ice on the spot. Beside, additional surface water sample from El-Wadi Drain was collected to study its impacts on the lakes environment.
Field Measurements
The electrical conductivity of the water samples (mS cm -1 ) was measured by using a conductivity meter (S.C.T.33 YSI), pH by Orion Research Ion Analyzer 399A pH meter and water temperature by an ordinary thermometer. CO 3 2-and HCO 3 -were measured titrimetrically on the spot, where the samples were titrated against standard H 2 SO 4 (0.02 N) using phenolphthalein and methyl orange indicators. Dissolved Oxygen (DO) content was determined by azide modification method as specified in American Public Health Association (APHA) (2005). 
Methods of Analysis
Water samples were analyzed for all selected variables, according to procedures specified in APHA (2005) . Total Solids (TS) were measured by evaporating a known volume of well mixed sample, TDS were determined by filtrating a volume of sample with glass micro fiber filter (GF/C) and a known volume of filtrate was evaporated at 105°C. Chemical Oxygen Demand (COD) was performed by potassium dichromate oxidation and Biochemical Oxygen Demand (BOD) by 5 days incubation methods. Chloride was determined by argentometric titrimetric method and sulphate by gravimetric methods. Calcium and magnesium were determined by EDTA titrimetric method. Concentrations of nitrite, nitrate, ammonia, orthophosphate (ortho-P) and reactive silicate in water were determined using the calorimetric techniques with formation of reddish purple azo-dye, Cd reduction, phenate, stannous chloride reduction and molybdosilicate methods, respectively. Total phosphorus (T P) was measured as reactive phosphate after persulphate digestion. Total Fe, Mn, Cu, Co, Pb, Ni, Cr and Cd in water were measured after digestion using an atomic absorption spectrophotometer (Perkin Elmer 3110 USA) with graphite atomizer HGA-600.
Statistical Analysis of the Data
Statistical analysis (standard error "SE") was carried out according to Fisher (1970) . LSD (Least significant difference) test was used to compare the significant differences between means of treatment (Waller and Duncan, 1969) .
The statistical package for social science S.P.S.S. (1999) program version 10 was used for all analysis.
RESULTS
The mean and Standard Error (SE) of the studied physicochemical Characteristics and heavy metals in water samples are presented in Tables (1&2) . Temperature: Temperature is one of the most important ecological factors, which control the physiological behaviour and distribution of organisms. Minimum and maximum temperatures recorded ranged from 14.5 o C (winter) to 31.3 o C (summer), respectively. There was no significant difference between two lakes. On the other hand, the results show temporal highly significant difference. 
Electrical conductivity (EC):
EC is the capacity of water to conduct electric current and varies both with number and types of ions in the solution. The values of conductivity and TDS are interrelated. EC ranged between 2.63-3.01 ms/cm and 2.63-3.01 ms/cm in 1 st and 2 nd lake respectively with a maximum in summer and a minimum in winter. The significant differences between two lakes are highly. In addition, there were sites significant differences in the 2 nd lake. Total solids (TS): TS refer to the sum of suspended and dissolved matter in water or wastewater. It varied in the 1 st and 2 nd lake between (1710-1898mg/l) and (11325-15340mg/l), respectively where highest values in hot period (summer & spring) and lowest values in cold period (winter & autumn). The results were highly significant differences between the 1 st and 2 nd lake. Total Dissolved Solids (TDS): TDS is the portion of solids that passes through a filter paper of 0.2mm or smaller pore size under specified conditions. TDS increased in summer, while the lowest values were recorded in winter. It varied between (1586-1811mg/l) and (11060-14908mg/l) in the 1 st and 2 nd lake, respectively. The differences were a significant between two lakes, as well as spatial significant differences in the 2 nd lake. Total Suspended Solids (TSS): TSS is the portion of solids remnant after the filtration includes organic residues (APHA, 2005) . It ranged between (62-136mg/l) and (146-432mg/l) in the 1 st and 2 nd lakes respectively. On the other hand, there is a significant difference between two lakes. On the other hand, the results show temporal significant difference. The hydrogen ion concentration (pH): pH of Wadi El Rayan Lakes lies in alkaline side and it ranged from 8.47 in (winter) to 8.96 in (spring) and from 8.26 in (winter) to 8.71 in (autumn) in the 1 st and 2 nd lakes respectively. Dissolved oxygen (DO): DO content indicates the health and ability of the waterbody to purify itself through biochemical processes. DO varied between (6.4-12 mg/l) and (4.80-11.4 mg/l) in the 1 st and 2 nd lakes respectively, with seasonally significant difference with no local difference. The lowest value was recorded during summer, while the highest one during autumn. Biological oxygen demand (BOD): BOD test was found to be more sensitive test for organic pollution. It ranged between (3.08-7.20mg/l) and (2.80-6.54mg/l) in the 1 st and 2 nd lakes respectively, where minimum and maximum values recorded in autumn and summer seasons, respectively. On the other hand, there was temporal significant difference. Chemical oxygen demand (COD): COD ranged from 4.80mg/l to 12.00mg/l and 8.00mg/l to 12.40mg/l in the 1 st and 2 nd lake, respectively with significant difference during the cold seasons (winter and autumn). The highest value was recorded during spring, while the lowest one during winter. Nutrient Salts: The nutrient salts include compounds that contain nitrogen (NH 3 , NO 2 -, NO 3 -), phosphours (ortho-P, TP) or silicate (SiO 2 2-) in different forms either in available or non-available forms. The ranges of NH 3 , NO 2 -and NO 3 -in the 1 st lake are (85.70-376.80μg/l), (1.90-40.80μg/l) and (26.55 -290.0 μg/l), respectively while the ranges of ortho-P and TP are (27.50-75.90μg/l), and (154.80-434 .00μg/l), respectively, with spatial significant difference. In the 2 nd lake, the ranges of NH 3 , NO 2 -and NO 3 -are (56.50-159.00μg/l), (1.63-16.86μg/l) and (28.38-97.20μg/l), respectively while the ranges of ortho-P and TP are (11.00 -59.40μg/l), and (186.00-358.40μg/l), respectively. The SiO 2 2-ranged (5.79-12.97mg/l) and (6.64-17.74mg/l) in the 1 st and 2 nd lake, respectively. During the seasons, there were non-significant a difference in nutrient salts levels except ortho-P and SiO 2 2-in the 2 nd lake. lake and 2 nd lake, respectively Heavy Metals: eight heavy metals (Fe, Mn, Cu, Pb, Ni, Co, Cr and Cd) were determined in water. The overall mean values of some heavy metals in two lakes waters are presented in Fig. (2) exception Cd is less than 0.2µg/l. The results of heavy metal values showed irregular distribution in two lakes. Thus, there were non-significant differences in heavy metal levels between two lakes. Fe and Mn content fluctuated in wide ranges, while Cu, Pb, Ni, Co, Cr and Cd contents fluctuated in narrow ranges during the studied period. Moreover, a significant positive correlation was between heavy metals and nutrient salts.
Major anions and cations ions
El-Wadi Drain Water
The results of physical and chemical characteristics of El-Wadi drain water (Table 3) revealed that the effluents of El-Wadi Drain contained high values of heavy metals and nutrient Salts except SiO 2 2-and all the remaining variables are less, compared with Wadi El Rayan lakes. 
DISCUSSION
The lakes system of Wadi El Rayan has an exceptional importance both internationally and nationally. The water temperature is low in cold period (winter, autumn) due to frequent clouds, high humidity, high current velocity and high water level and high in hot period (summer, Spring) due to clear atmosphere, greater solar radiation, and low water level. Present observations are in agreement with similar ones made by Moundiotiya et al. (2004) and Lawson (2011) . The pH values were always in the alkaline side pH (8.26-8.95 ) with small local differences without seasonal variations. This may be due to the high buffering capacity of the system. In the present study, the increase in DO concentration in winter and autumn may be due to the fall in water temperature and phytoplankton blooming (Konsowa, 2007) . In general, the BOD of waste water was lower than COD, because more compound can chemically oxidized than can be biologically oxidized (Clark and Micheal, 1972) , and there is an inverse relation between DO and oxygen utilization in terms of BOD and COD (Das, 2000) .
The distribution of major anions and cations in lakes water were governed mainly by the rate of evaporation, the intrusion of drainage water (Abdel-Satar et al., 2010) . In the 1 st lake, the concentration of major cations and anions are controlled by the intrusion of drainage water from El-Wadi Drain (Ali et al., 2007) , however the concentration in the 2 nd lake are controlled by the rate of evaporation and the amount of water discharged from the 1 st lake (Abd El-karim, 2004) . Generally, these are a significant differance in levels of EC, TS, TDS, TSS and major cations (Ca 2+ , Mg 2+ ), anions (SO 4 2-, Cl -) between the two lakes, which may be due to evaporation and \ or leaching of salts from soil as water moves deep into the desert (Saleh et al., 1988) . On the other hand, the concentrations of EC, TS, TDS, TSS, major cations (Ca 2+ , Mg 2+ ) and anions (SO 4 2-, Cl -) in hot period (summer, Spring) are higher than cold period (winter, autumn).
Wadi El Rayan lakes were classified as brackishwater due to TDS values and may be salinized in a short period, particularly the 2 nd lake in the southern area. These results are in agreement and confirmed with results obtained by Sayed and Abdel-Satar (2009) .
Alkalinity of carbonate and bicarbonate contants showed irregular variations during the whole period of study. These irregular variations attributed mainly to the respiration processes of aquatic microorganisms in the surface water which led to increase carbon dioxide converted to carbonate in the water environment.
The obtained results in this study revealed that nutrients (NH 3 , NO 2 -, NO 3 -, ortho-P, TP) increase in 1 st lake, especially at the inlet of the lake due to the impact of the effluents from El-Wadi Drain which, these results are in agreement with the findings of Aboul-Ela and Khalil (1988); Saleh et al. (1988) ; Abd ElKarim (2004) and Sayed and Abdel-Satar (2009) . However, the slightly increases of SiO 2 2-content in the 2 nd lake, may be attributed to the 2 nd lake harbored the highest numerical density of diatoms than the 1 st lake (Sayed and Abdel-Satar, 2009 ). On the other hand, ammonia accounted for the major proportion of total soluble inorganic nitrogen. Nitrite showed low levels than the corresponding values of nitrate due to the fast conversion of NO 2 -to NO 3 -ions by nitrifying bacteria (Sabae and Ali, 2004) . In the most nutrient salts, the highly positive correlation (at P<0.05) of NH 3 with NO 2 -, NO 3 -, ortho-P and TP with NH 3 (r=0. 99, 0.95, 0.88 and 0.77, respectively) , NO 2 -with NO 3 -, ortho-P and TP (r=0.97, 0.84 and 0.81, respectively) and NO 3 -with ortho-P and TP (r= 0.83 and 0.78, respectively) indicates that the agriculture waste via El Wadi drain is the common source of these salts.
The concentrations of heavy metals in water of Wadi El Rayan lakes are increase at inlet the 1 st lake during the year round. Generally, the concentrations of heavy metals in the 1 st lake water are higher than the 2 nd lake which may be attributed to the effect of agricultural influx drained into the 1 st lake from ElWadi drain. These are opposed by the results of Sayed and Abdel-Satar, (2009) , who reported that the concentrations of heavy metals in the 2 nd lake water are higher than the 1 st lake. On the other hand, the significant positive correlation (at P<0.05) between heavy metals (r= 0.72, 0.73, 0.87, 0.97 & 0.95 and r=0.87, 0.60, 0.99, 0.93& 0.92 for Fe and Mn with each of Cu, Co, Pb, Ni & Cr, respectively and r=0.89 between Fe and Mn), indicated that the association of heavy metals originates from a common source during transportation and/or depositional reactions. Fe and Mn are the most abundant elements in water of the two lakes whereas Cd the less one. Sayed and Abdel-Satar (2009) , cited that the water of El Rayan lakes were polluted by trace metals and acts as a slow poison and adversely affects the ecology and thereby harming the flora and fauna and the natural inhabitat. Finally, these metals in trace amount may play important role in the biochemical life process of the fish (Bennett and Dooley, 1982) , some as enzyme co-factor (Gatlin et al., 1982; Lovell, 1989) . However, their sublethal concentrations become lethal to fish or other aquatic organisms when the duration of exposure to these metals is prolonged (Stag and Shuttleworth, 1982; Everall, 1987) .
In El-Wadi Drain, the concentrations of heavy metals and nutrient salts were high except the SiO 2 2-as compared with Wadi El Rayan Lakes. This indicated that SiO 2 2-content of the lake not interdependent on the corresponding values in the drains but its main dependence on the biogenic silica production through diatoms. These results act in harmony with that reported by Verschuren et al. (1998) in Lake Victoria, South Africa. However, all the remaining variables are less compared with Wadi El Rayan lakes were governed mainly by the rate of evaporation, the intrusion of drainage water.
CONCLUSION
The present results revealed that the 2nd lake undergo progressive increase in salinity (TDS), especially in the last decade and the lake water may be salinized with time, leading to a great revolutionize in fauna, flora and environment of this lake. On the other hand, the discharge of pollutants via El Wadi Drain causes unfavorable impact on the lake environment. Therefore, the present study is baseline data toward future ecological study, conservation and management of the resources of these economically important lakes in Egypt.
